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METAL RECOVERY FROM SECONDARY COPPER 
CONVERTER DUST BY AMMONIACAL 
CARBONATE LEACHING 
By Robert C. Gabler, Jr.,1 and Jack R. Jones2 
ABSTRACT 
Effective recycling or disposal of flue dusts is a continuing problem, particularly for secondary smelters 
treating low-grade Cu scrap. The Bureau of Mines investigated a variety of flue dust treatment 
approaches and demonstrated the technical feasibility of a bench-scale alkaline method that includes 
leaching, cementation, precipitation, and roasting. 
Flue dust was leached at room temperature with an alkaline solution of (NH4)2C03 and NHpH to 
solubilize ZnO and Zn metal. Some copper, lead, tin, and most of the zinc were dissolved in the leach 
step. Copper, lead, and tin were recovered in the cement product. The Zn in the flltrate was 
precipitated by pH adjustment to neutral using CO2 injection. The Zn salt was flltered from solution 
and roasted to give high-purity ZnO. 
The leach residue, enriched from 4.3 to lOA pct Sn, could find a ready market; the metallic cement 
product can be recycled back to the copper converter; and the high-purity ZnO product can be sold in 
several markets, leaving no material for disposal. The possibility for recycling of reagents, lower energy 
demand, and low environmental impact make this method economically and environmentally attractive 
for recycling secondary copper smelter flue dusts. 
lResearch chemist, Albany Research Center, Bureau of Mines, Albany, OR 
2Chemist, formerly with Avondale Research Center, Avondale, MD. 
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INTRODUCTION 
In many manufactured items, copper is combined with 
other metals and nonmetals and presents a problem in 
scrap recycling. Pyrometallurgical processing of this scrap, 
particularly in low-grade forms, generates copious amounts 
of flue dust and associated collection and disposal 
problems. In smelting low-grade Cu to black Cu and then 
converting it to blister Cu, up to 0.3 st of flue dust is 
generated for each short ton of Cu produced (1).3 In the 
United States, it is estimated that approximately 300,000 st 
of flue dust is produced annually by secondary copper 
smelters (2). 
Sales of flue dust for Zn content have been curtailed 
because of the presence of high concentrations of Pb from 
solders as well as metal chlorides, probably from Cu wire 
covered with polyvinyl chloride. A small amount of these 
Zn-bearing flue dusts meet specifications for use by the 
agricultural industry as a micronutrient soil additive in 
commercial fertilizer. Generally, flue dusts containing 
8 pct or more Sn can be marketed and processed to re-
cover Sn (3). Literature review and industry inquiries 
failed to show wide industry acceptance of any process for 
treating these dusts (4). In a study of metallurgical 
recycling processes, EIC Corp. (5) recommended further 
study of ZnO recovery from flue dusts. 
As part of its program to conserve natural resources, 
the Bureau initiated a study to explore methods of metal 
recovery from flue dust. The initial objective was to 
develop an alkaline process that was environmentally and 
economically satisfactory. The first approach taken was 
the investigation of NH4CI-NH40H leach solutions. It was 
determined that an NH4CI-NH40H leach solution per-
formed well as a method to solubilize and separate the 
metal values by cementation, dilution, and precipitation 
into potentially salable products. It was estimated for this 
approach that process economics would be acceptable only 
under ideal circumstances, largely because of the dilution-
precipitation procedure used to produce a ZnO product, 
and the subsequent necessity of reconcentrating the Zn 
product filtrate to its original volume for recycle (4). A 
second problem with this approach was that the ZnO 
product, contaminated with chloride, would probably only 
be suitable for use in the electrogalvanizing industry, where 
chloride is added as an electrolyte component. 
The objective of the further research discussed in this 
report was a short, pioneering effort to study other 
ammonium salts as alternatives to NH4CI with little or no 
emphasis on an indepth study of the chemical kinetics or 
ammonium ion complex chemistry. The major purpose of 
this study was to prove technical feasibility of an 
alternative ammonium salt. The compounds (NH4)2C03, 
NH4N03, and (NH4)2S04 were all tried as substitutes 
for NH4Cl. Only (NH4)2C03 showed promise as an 
alternative. 
The literature also showed that in an (NH4)2C03 
system, Zn solubility is dependent on pH (6). Base metal 
carbonates have limited solubility in neutral carbonate 
solutions at any temperature and precipitated carbonates 
can be decomposed to oxides readily by heating (6). Thus, 
pH adjustment would probably be an effective alternative 
to the energy intensive dilution-precipitation reconcen-
tration steps necessary with the NH4CI-NH40H process. 
Therefore, a process using ammonium ion and carbonate 
ion should have a high potential for dissolving both Zn and 
ZnO in flue dust. 
REAGENTS AND FLUE DUST 
The following reagents were used in studying the 
leaching of flue dust with an (NH4)2C03-NH40H system: 
reagent-grade (NH4)2C03, technical-grade NH40H 
(27 wt pct NH3), and 30-mesh granular Zn. 
A sample of flue dust was obtained from a major 
secondary copper smelter. Converter flue dust from this 
smelter is recovered by two collectors in series. The dust 
from the primary collector causes no disposal problems 
and was not studied because it has a ready market because 
of its high Sn content (>8 pct). Flue dust from the 
secondary collector, a fabric-celled baghouse, was used in 
this study. This dust is typical of the smelter's normal 
operations, has no market value because of its low Sn 
3Italic numbers in parentheses refer to items in the list of references 
at the end of this report. 
content «8 pct), and presents a disposal problem. As a 
preparatory step to the investigation, a sufficient quantity 
of this converter flue dust was ground to about 60 mesh 
(to break up lumps) and blended. The chemical analysis 
is shown in table 1 and the trace metal content in table 2. 
The major component identified by X-ray diffraction is 
zincite with lesser amounts of anglesite and zinc stannate. 
TABLE 1 •• Composition of copper converter flue dust, 
weight percent 
Com onents 
Ca ..... .. 
cr ...... . 
Cu ..... .. 
Fe ..... .. 
K ...... .. 









NH4 + .•.•. 
Pb ...... . 
8n ...... . 









TABLE 2 •• Trace elements In copper converter flue dust,! weight percent 
Element 
Ag ............................... . 
AI •••......•••...•••..••.....•.•... 
As .............................. .. 
81 .............................. .. 
Cd ......................•......... 
Ge ........•....................... 
lSemlquantitative spectrochemical analysis. 
Concentration 
0.001 - 0.01 
. 003 - .03 
. 03 - .3 
. 01 - .1 
. 01 - .1 
.003 - .03 
Element 
Mg .............................. .. 
Mn ............................... . 
Mo .............................. .. 
NI ................................ . 
Sb ................•................ 
Concentration 
0.001 - 0.Q1 
.01 - .1 
.003 - .03 
.003 - .03 
.003 - .03 
NOTE.-The following elements were not detected: 8, Ba, Be, Co, Cr, Cs, Hg, LI, Nb, P, Rb, Sr, Ta, Ti, TI, V, W, and Zr. 
PROCEDURE AND DEVELOPMENT OF OPERATING PARAMETERS 
The method developed consisted of first leaching the 
flue dust with an (NH4)2C03-NH40H solution followed by 
filtering the residue from the pregnant leach liquor. 
Copper, lead, and trace amounts of tin were removed from 
the leachate by cementation with granular Zn. The solids 
were then filtered off and the filtrate was injected with 
CO2 gas until a neutral pH was reached, which produced 
a Zn salt precipitate. The Zn salt precipitate product Was 
recovered by filtration and roasted to obtain ZnO. The Zn 
salt filtrate and the offgases from roasting can be recycled 
to the leach solution makeup step. In these studies, the 
beginning and recycle solution makeup was done with 
(NH4)2C03, NH40H, and H20. A flowsheet was devel-
oped for the process (fig. 1). 
The leaching, cementation, and precipitation steps were 
performed in 2-L open reaction kettles with an automatic 
temperature controlled heating mantle and a propeller 
stirrer. The filtrations were performed on Whatman4 
No. 541 paper in Buchner funnels using vacuum supplied 
by a diaphragm pump attached to a suction flask. The 
roasting was done in porcelain boats in a muffle furnace. 
Throughout the testing, analytical samples of solids and 
liquids were taken for assay. 
Each step of this approach has one or more parameters 
that may be varied. To develop this treatment procedure, 
the following parameters had to be investigated: NH3 and 
CO2 concentrations, leach temperature, leach time, pulp 
density, Zn requirement for cementation, cementation 
temperature, precipitation conditions, and Zn salt roasting 
time and temperature. 
NH3 AND CO2 CONCENTRATION 
Mellor (6) reported that at a concentration of 120 giL 
NH3 and 110 giL CO2, the maximum amount of pure ZnO 
is solubilized (190 giL ZnO). If the concentration of CO2 
is increased or decreased, the solubility of ZnO will be 
reduced and dissolved material will precipitate from 
solution. 
4Reference to specific products does not imply endorsement by the 
Bureau of Mines. 
The converter flue dust studied contains about 80 g of 
ZnO in 189 g of dust. The 189 g of solids, when added to 
1 L of leach solution, produces a solution set to give 
maximum Zn removal. For 80 g of pure ZnO, the best 
concentrations of NH3 and CO2 are 63 and 58 giL, respec-
tively, based on minimal reagent usage. Since there are 
other soluble metal oxides in converter flue dust, the nec-
essary NH3 and CO2 concentrations for flue dust will differ 
from those used with pure ZnO alone. 
A series of tests varying NH3 concentrations from 45 to 
158 giL and CO2 concentrations from 19 to 132 giL were 
run to determine these different conditions. The leach 
experiments were all carried out at 850 C for 15 min with 
stirring [the conditions necessary in the NH4CI-NH40H 
system studied previously (4)]. The experimental results 
indicated that for this flue dust, the highest Zn solubility 
occurred at 117 giL NH3 and 94 giL CO2 concentrations 
(higher concentrations of NH3 and CO2 did not increase 
Zn solubility). A solution of 117 giL NH3 and 94 giL CO2 
was used for all tests described in the following sections. 
LEACH TEMPERATURE AND TIME 
A study of the effect of temperature on the solubility of 
converter flue dust was conducted using the established 
NH3 and CO2 concentrations. Over the temperature range 
of 200 to 850 C, no significant difference was found in the 
solubility of flue dust. Therefore, room temperature was 
selected as the best leach temperature because no heat in-
put was required. This temperature was used for all sub-
sequent testing. Leaching experiments were run at 15, 30, 
and 60 min. Leach times greater than 15 min produced no 
additional solubilization of metals from flue dust at room 
temperature. 
PULP DENSITY 
After establishing standard reagent concentrations, 
leach temperature, and leach time, a series of tests was run 
using these standard conditions (117 giL NH3, 94 giL 
CO2, room temperature, and a IS-min leach) while varying 
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Figure 1.-Process flow sheet. 
/ 
leach solution). With up to 189 g of flue dust per liter of 
leach solution, 64 to 66 pct of the dust was dissolved. At 
283 giL, flue dust solubility had dropped to about 41 pct, 
and as the pulp density was increased to 566 giL the solu· 
bility continued to decrease (table 3). Therefore, a level 
of about 189 g of flue dust per liter of leach solution was 
indicated as being best for maximum leachability under the 
standard conditions. 
TABLE 3. - Flue dust dissolved versus grams 
of dust leached1 
Sample Dust leached, Dust dissolved, Dust dissolved, 
9 9 wtpct 
1 ......... 94 60 64 
2 .....•... 189 125 66 
3 •........ 283 117 41 
4 ......... 330 111 34 
5 ......... 377 96 25 
6 ......... 566 68 12 
lUsing 117 giL N~ and 94 giL CO2, room temperature, and a 
15-mln leach time. 
ZINC REQUIRED FOR CEMENTATION 
Palumbo (4) established that when stoichiometric 
amounts of Zn were used for cementation, the cement 
product was very fine grained and tended not to be sepa· 
rated easily during continuous circuit processing tests using 
an NH4CI-NH40H system on this same converter flue 
dust. Oldright (7) stated that the amount of metal used in 
cementation is generally in excess of the stoichiometric 
requirement and the amount in general practice is twice 
the stoichiometric amount. For this flue dust, 18.9 g of 
granular Zn per liter (15.8 times the expected stoichio-
metric requirement) of pregnant leach solution was used. 
This high level was used because part of the granular Zn 
will be dissolved by the leach solution in addition to that 
amount dissolved by the cementation reaction. This 
amount gave essentially complete Cu, Pb, and Sn removal 
from the pregnant leach solution and was used in all sub-
sequent testing. 
CEMENTATION TEMPERATURE 
Tests were run at temperatures from ambient to 80° C 
to determine the best temperature for cementation. At 
room temperature, cementation is complete in 30 to 45 
min, while at 60" C and above, it is complete in approx-
imately 5 min. For reasons of time, a cementation tem-
perature of 60° C appears to be best and was used in 
further studies. 
PRECIPITATION CONDITIONS 
Because of the major costs of the NH4CI-NHPH pro· 
cess associated with the dilution precipitation step and the 
subsequent reconcentration of the leach solution prior to 
recycle, a means of avoiding these steps was sought using 
an (NH4)2C03-NHPH system. Literature (6) indicates 
that in an ammoniacal carbonate solution, Zn solubility is 
5 
greatly reduced when the pH of the solution is reduced 
to neutral (pH 7). Previous studies of NH3 and CO2 con-
centrations suggested that injecting CO2 lowers the solu-
tion pH while at the same time precipitating the Zn as a 
salt tentatively identified as Zn(NH3)2C03· ZnO by ele-
mental analysis. Thus, the injection of CO2 gas, with its 
subsequent pH reduction, was studied as an alternative 
precipitation procedure. 
Results showed that precipitation increased until pH 7 
was reached, and then ceased. Approximately 50 pct of 
the Zn is precipitated by CO2 injection in a single batch 
operation. Because the Zn remaining in solution is con-
trolled by its solubility at neutral pH, the same amount of 
Zn will remain in solution in each following cycle through-
out the process. After regenerating the leach solution by 
adding NH3 and CO2, the increased solution solubility will 
be sufficient to hold the unprecipitated Zn in solution and 
still have more than enough capacity to dissolve the Zn 
from the next batch of flue dust. Thus, in succeeding 
cycles, all the Zn dissolved from each new batch of flue 
dust will be precipitated when the pH is adjusted to 7. 
ROAST TIME AND TEMPERATURE 
Mellor (6) states that the decomposition of Zn car-
bonates begins at 90° C, is complete in 1 h at 300° C, and 
in 30 min at 400" C. The elemental composition of the Zn 
salt precipitated by CO2 injection fits the stoichiometry for 
Zn(NH3)2C03· ZnO indicating that this is probably the 
species precipitated. While this salt is different from 
ZnC03, its decomposition follows a similar temperature 
profUe.· Attempts were made to drive off NHl at low 
temperatures (100° to 2500 C) and then CO2 at 400° C. 
The test results indicated that at lower temperatures, 
decomposition was slow, but that both NH3 and CO2 were 
being evolved. Thus, for time and energy reasons, a 30-
min roast at 400" C was chosen as best. The residual 
product of this roast has been identified by both X-ray 
diffraction and chemical analysis to be ZnO of greater 
than 99 pct purity. 
FINAL OPERATING PARAMETERS 
Studies indicated that there was an NH3 and CO2 
concentration beyond which the addition of NH, andlor 
CO2 did not increase significantly the solubility of flue 
dust. However, the addition of NH3 and CO2 beyond this 
point significantly affected the solubility of Cu. Therefore, 
a second set of tests was run to determine the effect of 
NH3 and CO2 on Cu and Zn solubility. In this series of 
about 50 leach tests, the NHl concentration was varied 
from 18 to 189 giL and CO2 concentration from 0 to 
132 giL, using (NH4)2C03 and NHpH. The data derived 
from this study are shown in figure 2. This contour plot 
shows the percent of converter flue dust solubilized versus 
the initial N~ and CO2 concentrations. Each contour line 
represents a 5-pct-increment level of dust solubility. 
Beyond the 65-pct contour, additional CO2 or NH3 caused 
no increase in solubility of the flue dust. 
6 
To understand this figure, it is best to examine solubility 
of flue dust while holding one concentration constant and 
varying the other. For example, if the CO2 concentration 
is held constant at 85 giL, it is observed that as NH3 in-
creases from its limiting concentration in (NH4)2C03 ( ~ 65 
giL), the solubility of the flue dust increases to 65 pct at 
106 giL NH3. Beyond this point, the solubility is constant 
(within experimental accuracy) in the range of 65 to 67 pct. 
Holding the NH3 concentration constant at 117 giL, as 
CO2 increases from 0 to 58 giL, it is seen that flue dust 
solubility increases from about 20 pct to 65 pct. Further 
increases in CO2 from 58 to 110 giL cause no further in-
crease in flue dust solubility. As the CO2 increases from 
110 to 132 giL, the solubility of flue dust decreases from 
65 to 45 pct. 
The contour plot also shows that the maximum solubil-
ity of flue dust (mainly Cu and Zn) will be reached under 
these experimental conditions at minimum levels of NH3 
and CO2 of 91 and 72 giL, respectively (point 1). Because 
the maximum solubility of Cu is also desired and because 
of the extreme inhomogeneity of the flue dust, some 
margin of excess reagent was required. Analytical data 
indicated that concentrations of 117 giL NH3 and 85 giL 
CO2 (point 2, figure 2) will be acceptable for maximum Cu 
and Zn solubilization, and give some excess margin of 
reagent required by the flue dust inhomogeneity. 
All other parameters were used as previously deter-
mined. Thus, the operating parameters for testing the 
feasibility of the process are a 1-L leach solution con-
taining 117 giL NH3 and 85 giL CO2 to leach 189 g of 
flue dust at room temperature for 15 min; 18.9 g of 30-
mesh granular Zn at 60° C and reacted with the pregnant 
leach solution for 5 min for cementation of Cu, Pb, and 
Sn; precipitating the Zn salt from the cementation leachate 
by adjusting the pH to neutral (pH 7) using CO2 gas; and 
roasting the Zn salt for 30 min at 400° C to give a ~99-
pet-pure ZnO product. These operating conditions are 
adequate to accommodate the inhomogeneity of the con-
verter flue dust. 
140p---~----~--------~--------~----~----~--~ 
120 


















NOTE: Each contour line represents 
a 5- pct increase in the level 
of flue dust solubility . 
20 40 60 80 
o Point 2 
100 120 140 
NH 3 CONCENTRATION, gIL 
Figure 2.-Percent flue dust dissolved versus NH3 and CO2 concentrations. 
160 180 
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FINAL TESTS OF LEACHING PROCEDURE 
Using the parameters described and the flowsheet 
shown in figure 1, a series consisting of an initial leach test 
plus two complete locked cycles was run in a semibatch 
mode to determine the effectiveness of each step, a mate-
rial balance, and the feasibility of recycling the Zn salt 
filtrate back to the beginning of the next leach cycle. After 
the first cycle, the Zn product filtrate was analyzed for 
NH3 and CO2 concentration. The solution was then ad-
justed back to the starting concentration using 
(NH4)2C03, NH40H, and H20. This solution was used to 
leach a second 189-g batch of flue dust. Again, after 
completing Zn salt precipitation, the filtrate solution was 
analyzed for NH3 and CO2 and adjusted to its original con-
centration. A third 189-g batch of converter flue dust was 
then leached, and after the Zn salt was separated, the pro-
cess was stopped. Samples were taken from each solution 
and solid for analysis. 
The second and third pregnant leachates had the same 
concentrations of Cu, Pb, Sn, and Zn, demonstrating that 
the system had approached equilibrium, that all steps 
worked effectively, and that the test would provide reliable 
data for a material balance and a demonstration of the 
feasibility of recycling the leach solution. The analysis of 
the third-cycle liquids and solids (tables 4 and 5) show that 
51 pct of the Cu, 3 pct of the Pb, 7.7 pct of the Sn, and 91 
pct of the Zn are dissolved in the leach step. Of these 
amounts, 98 pct of the leached Cu, 100 pct of the leached 
Pb, and 21 pct of the leached Sn are recovered in the ce-
ment product. The Zn salt product contains 94 pct of the 
Zn dissolved from the flue dust. There is no evidence of 
Zn being lost during roasting of the salt. 
The high Zn content of the cement product indicates 
that too much Zn was used for cementation. It Is esti-
mated from the data that about 1.2 g of Zn would have 
TABLE 4. - Volume and composition of solutions from flue 





Cu Pb Sn Zn 
Regenerated leaoh 
solution .... . . . . . . . 1.0 NO NO NO 43.2 
Reoyole filtrate . . . . . . . .82 NO NO NO 50.2 
NO Not deteoted. 13d-oyole solutions. 
TABLE 5. - Weight and composition of solids from flue 
dust leached with (NH4hC03-NH40H
I 
Material Welght,2 Conoentration. wt pot 
9 Cu Pb Sn 
Flue dust . . . . . . . . 189 0.855 16.0 4.33 
Leaoh residue .... 72.8 1.08 40.3 10.4 
Cement produot . . . 16.8 4.83 4.61 .79 
Zinc salt product ., 159 .004 ND ND 







NO Not deteoted. lproduots from 3d cyole. 20ried at 1100 C. 
been the stoichiometric amount to cement out the Cu, Pb, 
and Sn in the leach solution. Since prudent practice uses 
an amount in excess of the stoichiometric amount, usually 
double (7), the procedure should have needed 2.4 g Zn. 
However, because (NH4)2C03-NH40H solutions dissolve 
metallic Zn, a greater amount would have been needed. 
About 6.3 g dissolved during cementation; 1.2 g dissolved 
by the cementation reaction, and the remaining 5.1 g by 
the leach solution. It appears that a value of about 8 g of 
granular Zn per liter of pregnant leach solution would 
have been more appropriate. 
Except for this excess of Zn for cementation, the pro-
cess performed as expected. The leach residue, now en-
riched from 4.3 to 10.4 pct Sn, would be a readily salable 
product. The metallic cement product containing 50 pct of 
the Cu can be recycled back to the copper converter and 
the ZnO product from roasting can be sold as an electro-
galvanizing feedstock, leaving no material for disposal. 
The material balance for the procedure is taken from 
the third cycle data (tables 6 and 7). The data show that 
the Cu, Pb, and Sn come from the flue dust, while 32 pct 
of the Zn comes from the recycled leach solution (the 
amount soluble at pH 7), 55 pct from the flue dust, and 
about 14 pct from the cementation Zn. In the output 
streams, Cu is about evenly split between cement product 
(50 pct) and leach residue (49 pct), with a trace in the 
ZnO product (0.4 pct). A little Pb was dissolved with 
about 3 pct reporting in the cement product and the re-
maining 97 pct in the leach residue. Most of the Sn re-
mains in the residue (93 pct) with about 2 pct in the 
cement product and about 5 pct unaccounted for. Zinc 
appears in all outputs, 5 pct remaining in the leach resi-
due (probably as zinc ferrite), 9 pct in the cement product 
(unreacted granular Zn), 51 pct in the Zn product, and 
about 30 pct in the final filtrate, which will be recycled 
back to leach solution makeup. The material balance is 
good with 94.4 to 99.8 pct of the input elements being 
accounted for in the outputs. 
TABLE 6. - Weight of elements In materials of ammo-
niacal carbonate leach process, gramsl 
Material input: 
Leach solution ......... . 
Flue dust ............. . 
Granular zino .......... . 






















Leaoh residue .......... .78 29.3 7.54 7.1 
Cement produot . . . .. . . . . .81 .78 .13 12.6 
Zino produot ........... .006 0 0 71.5 
Zino filtrate ............ 0 0 0 41.2 
Total ................ 1.60 30.1 7.67 132.4 




TABLE 7. - Relative amounts of elements In Input and 
output materials of ammoniacal carbonate leach 
process, percent1 
Cu Pb Sn Zn 
Material Input: 
Leach solution ......... . 
Flue dust ............. . 
Granular zinc .......... . 


















Leach residue .......... 48.7 97.2 92.8 5.11 
Cement product. . . . . . . . . 50.4 2.6 1.6 9.01 
Zinc product ........... .4 0 0 51.2 
Zinc filtrate ............ 0 0 0 29.5 
Total ................ 99.4 99.8 94.4 94.8 
13d-cycle produots; 189-9 batch of flue dust; 1 L of leach solution. 
The recyclability of the leach solution was successfully 
demonstrated. On the first leach cycle, only 65 pct of the 
Zn from the flue dust appeared in the Zn product. Its 
level of recovery is limited by the solubility of Zn in 
ammoniacal carbonate solution at pH 7. By the third 
cycle, the system is now approaching equilibrium with 94 
pet of the Zn from each batch of flue dust reporting to 
the ZnO product. In a continuous circuit process, there 
will always be a certain amount of Zn carried in the re-
cycle solution because of its solubility. However, as the 
same amount of Zn is dissolved from the flue dust and the 
cementation Zn, the resultant ZnO product will continue 
to contain 94 pct of the Zn dissolved from the flue dust. 
In a pilot or larger plant, this amount will approach 100 
pct. The difference is due to small batch processing solu-
tion losses. 
Important advantages of the procedure are that it con-
serves energy and that the ZnO product is not contam-
inated with chlorine. The energy cost of keeping the 
solutions at 800 C and particularly the step of recon-
centration of the leach solution by reverse osmosis and/or 
thermal evaporation after the dilution-precipitation in the 
NH4CI-NH40H process are avoided. The ammonium car-
bonate process, even with the energy requirement for 
roasting, is likely to perform significantly better 
economically than the previously tested NH4CI-NHpH 
process. 
SUMMARY AND CONCLUSIONS 
An alkaline method to recover ZnO and metal values 
from secondary copper smelter flue dusts was developed. 
The method consists of an alkaline (NH4)2C03-NHPH 
leach of the flue dust; recovery of soluble Cu, Pb, and Sn 
by cementation with Zn metal; and recovery of ZnO by 
adjusting the pH of the filtrate with CO2 to precipitate a 
Zn salt followed by filtration and roasting. Leaching of a 
dust containing 4.3 pct Sn upgraded it to a residue 
containing 10.4 pct Sn, which is a salable byproduct. The 
cement product can be recycled back to the copper 
converter, as it is primarily metallic. The ZnO product has 
a small market in the agricultural sector as a micro-
nutrient soil additive and an animal feed additive. The 
best potential market seems to be as a feed stock for 
electrogalvanizing. 
The system is technically sound and feasible as all solid 
products and byproducts are either salable or can be recy-
cled back to the _smelter furnace and all liquid streams can 
be recycled. There are fewer hazardous materials to im-
pact the environment. Finally, the energy demand is prob-
ably much less than that of the NH4CI-NHPH system. 
This research illustrates that waste materials such as 
secondary copper smelter flue dusts, which pose significant 
disposal or environmental problems, can be processed to 
recover valuable metal resources for sale or recycle with 
little or no material left for disposal. 
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